We investigated the foraging area of three individuals (1 female and 2 males) of Rousettus leschenaulti (Chiroptera, Pteropodidae) in suburban Haikou City, Hainan Province, South China from November 2005 to January 2006 using radio telemetry. These animals left the daytime roosting sites about 90 min after sunset with no significant difference in departure time between the male and female bats. The average active times were 391.8 min for males and 533.7 min for the female, respectively.
Investigation of the foraging area of highly mobile species is fundamentally important to understand their behaviors, especially for those traveling long distances during their foraging bout (Corbett et al., 2008) . Radio telemetry has become an important and effective tool for investigating the activities and foraging areas of mammals and birds, such as mountain gorillas Gorilla beringei beringei (Ganas and Robbins, 2005; Watts, 1998) , Japanese macaques Macaca fuscata (Tsuji and Takatsuki, 2004) , black bears Ursus americanus (Oli et al., 2002) , snow leopards Uncia uncial (McCarthy et al., 2005) and birds (Corvus brachyrhynchos, Corvus corax, Cyanocitta steleri) (Marzluff and Neatherlin, 2006) . To date, several attempts have been made to study foraging areas of bats using different methods, such as ultrasound detectors (McAney and Fairley, 1988) , light-tagging animals (Schofield and Morris, 1999) and the mark-recapture method (Handley et al., 1991; La Val, 1970) . However, the very weak and highly directional echolocation calls of bats make them difficult to detect in the field (Bontaduba et al., 2002) ; light-tagged animals quickly disappear into dense foliage, making them hard to follow (Bontaduba et al., 2002) . In addition, the mark-recapture technique underestimates the real size of a foraging area. Since the 1980s, radio-tracking has developed into one of the main techniques for studying many aspects of bat ecology (Bontaduba et al., 2002; Jones and Morton, 1992; Kenward, 1992; Law and Lean, 1999) . Radio telemetry provides more immediate and detailed data on the foraging area and foraging activities of bats than the methods of ultrasound monitoring, light-tagging or mark-recapturing (Aldridge and Brigham, 1988; Corbett et al., 2008) . The radio-tracking technique will help scientists to discover the behaviors and habitat preference of bats, and to develop conservation methods. However, no previous study in China has used radiotelemetry to document the foraging area of bats.
The fulvous fruit bat R. leschenaulti (Pteropodidae), is a medium-sized bat (80-30 g) largely distributed in southern China. This common frugivorous species lives in caves or man-made structures (i.e. abandoned houses or water tunnels). It is poorly understood aside from limited studies on its feeding habits (Tang et al., 2005) . Previous studies suggested that individuals from the same colony require large foraging areas to meet their energetic demands, and their foraging areas overlap to a large extent (Biebouw, 2009; Nicholls and Racey, 2006) . Individuals of colonial species that roost in a large population undertake long commuting flights to reach food resources. Highly colonial species such as Bradean free-tailed bats Tadarida brasiliensis (Davis et al., 1962) gray-headed flying foxes Pteropus poliocephalus (Parry-Jones and Augee, 1992; Spencer et al., 1991) , and southern long-nosed bats Leptonycteris curasoae (Sahley et al., 1993) can fly 15 to 50 km in their foraging bout in one night. Since R. leschenaulti is a colonial species which lives together in a large population containing hundreds or even thousands of individuals at the same roosting site, we hypothesize that individuals of this species would require large foraging areas and commute long distances to reach their foraging areas, which may largely overlap.
Study Area and Methods
We performed our study in Rongshan Village, Xixiu Town (20°0010N; 110°0929E, 20-90 m above sea level), a suburb in the northwest of Haikou city, the capital of Hainan Province. It has a tropical climate with an annual rainfall of 1650mm and average annual temperature of 23 . Deciduous broad ℃ -leaved secondary forests cover most of the island. Dominant tree species are Schefflera octophylla, Ilex shimeica, and Actinodaphne pilosa; the shrub-land is predominantly occupied by Cratoxyylum cochinchinense, Streblus asper, Rhodomyrtus tomentosa and Melastoma candidum; the dominant herbs are Eupatorium odoratum and Imperata cylindrical (Yang and Wu, 2000) . Secondary vegetation distributes around the roosting sites (the four houses) and the primary trees are Melia azedarach and Ficus spp. A canal runs behind the north side of the houses.
Radio transmitters (BD-2C, Holohil, Carp, Ontario, Canada) were affixed to two adult females (F1 and F2) and two adult males (M1 and M2) after collecting morphological data from each of them. The transmitters (1.9 g of each and <2% of single bat's body weight) were tied by neck collars and also secured with glue between the bat's shoulders. The estimated battery life in the transmitter was 14 weeks. We used a Sika telemetry receiver and a 3-element yagi antenna (Biotrack Ltd, Wareham, United Kingdom) to track the bats' roosting sites, flying paths and foraging area. The reliable communication distance is about 2km between the receiver and the transmitters on the bats.
From November 25, 2005 to January 08, 2006, between 18:00 and 06:00 each night, we recorded when each bat departed for foraging and when it returned to the daytime roosting site. We used the signal intensity and bearing of the signals to identify the bats' flight route. A GPS (Garmin GPS 72, Garmin Inc., Olathe, KS) was used to record the positions of bats. We calculated their locations by triangulation when the bats stopped flying, and we estimated the bats' positions by using the signal intensity and the peak of the signal when triangulation could not calculate the positions. To minimize the error of distance calculation, the relationship between signal intensity and the distance to a transmitter was calibrated at a standardized gain setting and estimates were adjusted according to the local topographical factors and obstructions that might affect the signal reception. The minimum convex polygon was used to calculate the foraging area of each individual bat according to the latitudinal and longitudinal values of each fixed position using Mapsource software (Garmin Inc., Olathe, KS). The analysis was performed by SPSS 13.0 for windows. Independent-samples t-tests were used to check the differences of departure times and the duration of foraging activity between males and females.
Results

Duration of foraging bouts
Four transmitters were mounted on four adult (2M: 2F) bats, but one of female (F2) was undetectable on the first night after the transmitter was mounted. Our data in the present study was collected from the other three bats. The three transmitter-monitored bats left the roosting site about 90 min after sunset (Table 1) . There was no significant difference in the departure time of the female and the males t=0.853, P>0.05) . The average duration of foraging bouts was 391.8 min for males and 533.7 min for the female, respectively (Table 1) . A significant difference was found in the duration of foraging activity between the males and the female (Independent-samples t-test, t = 5.2, P<0.05).
Foraging areas
A total of 93 radio-telemetry positions were collected from the three bats during our investigation period. The number of positions of the three individuals was 21, 27 and 45 respectively ( Table 1 ). The foraging area of the three bats varied from 1138 to 3867 ha with an average of 2289 ha (Table 1 and Fig. 1a-c ). F1's foraging area was about twice as big as those of M1 and M2; the long axis of the foraging area of M2 was the longest of the three (Table 1 ). The foraging area of M2 partly overlapped with that of F1, but was separate from that of M1 (Fig. 1d) . The female individual (F1) had more foraging sites than the males (Table 1 ). The average distance between the daytime roosting site and foraging sites of F1 was 8.6 km while M1's was 6.6 km; and M2 only had one foraging site with 10.5 km distance from its daytime roosting site; the mean size of the foraging areas of F1 (1722 ha) was the largest among the three bats (M2: 766 ha, and M1: 339 ha) ( Table 1 ).
Flying routes
These bats flew southeast along the same route for about 3 km after leaving their daytime roosting site and then dispersed (Fig. 2) . Flight routes of the bats were frequently predictable because we found the bats reusing the same flying passes to their foraging areas across successive days. For instance, M2 flew along an irrigation channel to its meal site for 7 consecutive days. This irrigation channel runs to Yufeng Reservoir, and many wild banana trees grow along its banks. In addition, F1 also used the same route during foraging in the two banana plantations for three consecutive evenings. According to focal radio-telemetry position fixes, the foraging activities of the bats were centered in the areas containing figs, wild banana trees and banana plantations (Fig. 2) . 
Discussion
The time when R. leschenaultia emerge for foraging might be influenced by nocturnal avian predators. R. leschenaulti leave their roosts to feed at about 1.5 hours after sunset, which is consistent with the result of another study (Chen et al., 2007; Presley et al., 2009) . Previous studies indicate that predators can affect the timing of evening emergence (Duvergé et al., 2000; Fenton, 1994; Kunz, 1974; McWilliam, 1989; Speakman, 1991; Speakman et al., 1999; Swift, 1980) . The risk from avian predators decreases along with diminishing light intensity (Welbergen, 2006) . In our study, we found that R. leschenaulti started to leave daytime roosts when it became dark, which may be a strategy to avoid being captured by nocturnal predators (such as the brown wood owl Strix leptogrammica and oriental bay owl Phodilus badius (Petrzelkova and Zukal, 2003) . In addition, most of the R. leschenaultia in the same colony left the roosts relatively synchronously. The synchronization of emergence might be another anti-predator strategy because relative predation risk decreases with larger numbers of individuals leaving roosts simultaneously (Speakman, 1991) .
R. leschenaulti needs relatively large foraging areas compared to other fruit bats. This species flew 6.6-10.5 km to foraging areas each night, which is farther than the distances flown by Carollia perspicillata (Heithaus and Fleming, 1978) . In our study area, the population of R. leschenaulti is quite big, and individuals travel over long distances to find food. Spencer and Fleming (1989) studied the roosting and foraging behavior of N. robinsoni and found that the average flight distance from the daytime roosting site to the foraging areas was 506 m (63-1012 m). We estimated that the foraging area of N. robinsoni was less than 100 ha according to the long axes (1012 m). Radiotelemetry studies of Australian Pteropus species showed that individuals are highly mobile, flying up to 50 km each night (Palmer et al., 2000) . Australian flying foxes occupy large home ranges, and are generally seasonally nomadic, flying hundreds of kilometers per week as part of their normal movement patterns, usually in response to local food availability (Eby, 1991; Markus and Hall, 2004; Nelson, 1965; Palmer et al., 2000; Tidemann et al., 1999) . Foraging area of R. leschenaulti is far larger than those of several other species of pteropid bats (Table 2) , such as Syconycteris australis (5.5 ha) (Winkelmann et al., 2000) , Dobsonia minor (5.1 ha) (Bonaccorso et al., 2002) , Nyctimene albiventer (5.1 ha) (Winkelmann et al., (Winkelmann et al., 2003) . Previous research indicated that a bat's foraging area may vary in spatial and temporal dimensions with the change of food availability (Winkelmann et al., 2000) . Our study was conducted in winter when food resources were not abundant. In addition, a large population, interspecific competition for the food source, as well as intensive human activity around the foraging area might also contribute to the large foraging area of R. leschenaulti in order to get a sufficient daily food. Our findings indicate that R. leschenaultia need relatively large foraging areas and travel long distances to get their food although their foraging area might be smaller than that in winter when food is abundant in the summer. Our findings indicate that there might be a sex difference in the duration of foraging bouts between the males and the female in our study. Previous studies indicated that the foraging duration of females may vary with energetic demands associated with different reproductive states (Audet et al., 1991) . Energetic demands become relatively high for pregnant bats, especially during lactation (Nicholls and Racey, 2006) . In other words, females might increase their foraging time during pregnancy (Mclean and Speakman, 1999) . In our study, female R. leschenaulti started to breed during the second week in November, and continued until mid-March (Zhang et al., 2007) , so the significantly longer foraging times of females may be due to the increase of food-demands when females are in gestation. In addition, female Eptesicus fuscus and Lasiurus cinereus were also found increasing their foraging times during lactation (Audet and Fenton, 1988; Barclay, 1989) .
We found that different individuals of R. leschenaulti usually used the same foraging area for a few successive nights, and then changed sites until the resource was depleted (personal observation). The size of foraging area is largely determined by the dispersion of food resources (Bonaccorso et al., 2002; Nicholls and Racey, 2006) . In addition, the foraging area of M2 partially overlapped with that of F1 and this phenomenon suggests that individuals from the same colony explore the same food source. Therefore, our findings indicate that R. leschenaultia do not show strong territorial defense or marking behaviors in foraging areas.
